A numerical study of material, thickness and arrangement of thin layer ring has been comparatively conducted to achieve heat transfer enhancement in the building thermal storage system. The parameters of thin layer ring from three perspectives have been numerically investigated and optimized by the Taguchi method to find the optimal combination. Nine combinations of model are carried out by combining different levels of each factor, and ice generated area of each combination has been statistically analysed. The results show that material and arrangement of thin layer ring have the most significant impact on the ice formation, but the thickness of thin layer ring has trifling effects on the ice formation. From this study, the optimal combination (A3B2C1) are acquired, and the reproducibility of the results is verified by two analytical results.
Introduction
Nowadays, ice thermal storage (ITS) system with a standard chiller has been widely used to store energy during off-peak hours and release energy during on-peak hours in order to not only reduce energy consumption but also the demand charges during peak hours [1] , since thermal conditioning systems such as AC and other refrigeration systems take a share of 16~50% of the energy consumption among all the energy used in the building sector [2] , while people spend around 90% of their time in buildings [3] . Using thermal storage system is a cycling process for energy transfer and conservation and provides a comfortable environment for people. Even through energy conservation is widely studied, peak demand conservation was not properly addressed until recently [4] [5] [6] . On the electricity bill, peak demand is accounted for 30% of total charges, so it is the most important because utility companies always require supplying sufficient energy to accommodate the expected increase in peak demand. Due to varying structures of electricity rates and the offered incentives, ITS system has been regarded as the most advanced and cost effective peak demand management method for space cooling [7] [8] [9] [10] in different building applications that are mainly occupied during the operating hours, such as office buildings [11] , hospitals [12] , schools [13] [14] , and churches and mosques [15] . The offset in electricity demand after using ITS system is accompanied by an improved system performance [16] and reduced total cost [17] . Therefore, technical performance of ITS system has a large impact on continuously improving the energy efficiency and reducing the environmental impact of industrial facilities. Nowadays, water or ice are the most attractive storage materials for HVAC field and have been widely used as phase change material (PCM) [18] , since these materials are inexpensive, abundant and safe [19] . However, in the current ITS systems, the solidification of ice is not well developed which not only affects the cooling performance of the system but also wastes energy. In particular, there are some blind areas between the refrigerant cylinders with incomplete ice formation due to inefficient heat transfer which lowers the thermal storage capacity of the system. The duration of ice formation depends on three major heat transfer processes as shown on the top of Fig.1 : convection from the heat transfer fluid (refrigerant) to the refrigerant cylinder; conduction within the cylinder; and heat transfer from cylinder to the phase change material (PCM) such as water through conduction and/or convection. In the solidification process, the solid layer generated by PCM on the cylinder surface shortens the heat transfer duration [20] .
There are many applications to improve heat transfer in the thermal storage system, but less in the ITS system [21, 22, 23, 24, 25, 26] . Among them, the new application of thin layer ring structure has been demonstrated as an effective way [27] . The results shown that ice generated area can be increased when using the thin layer ring structure during the same charging period, since energy can be transferred from water to the cooled cylinder through the thin layer ring more efficiently. The novel thin layer ring is used as extended fin to induce energy from not completely cooled region to the cooled cylinder. The mechanism of enhanced heat transfer is illustrated in detailed in Xie's previous work [27] . In Fig.1 , the cross-section of ice tank is shown on the left side [28] and the investigated rectangular area is on the right side [29] . The three-dimensions geometry of thin layer ring is shown in Fig. 2 from a construction point of view. However, this novel technology has not been analysed in details during the ice formation process, many different parameters could impact its performance on the solidification of water. Usually, the change in thermal conductivity of material would vary the rate of heat transfer. Meanwhile, the distance of transferring also affects conductive heat transfer within the transferring material. Because of the phase change occurring in an ITS system, it always happens firstly near the cooling source, the strategy or arrangement of transferring material also plays an important role, which needs to be taken into account.
The study focuses on the effect of material, thickness and arrangement of thin layer ring structure on the ice formation enhancement. It has been shown that the heat transfer performance of the thin layer ring is dependent on its material, thickness, and arrangement [27] . The ice formation with novel thin layer ring can be improved by increasing the thermal conductivity of a material. Copper, Aluminium and stainless steel were tested in our previous study [27] . Thickness effect was studied from 0.5mm to 2mm, and the arrangement effect was investigated for the staggered arrangement and parallel arrangement. But these tests were limited by the number of factorial level. In this study, the influence of various design parameters on the heat transfer enhancement with thin layer ring is analysed using numerical method in the rectangular space. The Taguchi method [30, 31, and 32] is introduced into this study. The method is used to demonstrate a systematic procedure of using Taguchi parameter design in product design of thin layer ring applied in ITS system. It is also adopted to demonstrate a use of the Taguchi parameter design in order to identify the optimum thin layer ring performance with a particular combination of parameters in the ITS system application.
Numerical Simulation of Thin Layer Ring in ITS

Physical model
In the study, the cooled cylinder in the fixed rectangular space is considered as the investigated area for this numerical study. The physical geometry of an ITS tank and the analysed rectangular space is shown in Fig.1 . The cross section of an ITS tank is shown on the left of Fig.1 . Many circular tubes represent the cross section of refrigerant cylinders. In the middle, the enlarged section shows the configuration of these refrigerant cylinders in details. During the solidification of water, water in the tank is nearly static and ice can be generated gradually from the outer surface of cylinders. Since both cylinder and water condition on one side are equivalent to the opposite side in the analysed space marked with red color, the boundary conditions on both red lines are equivalently axisymmetric. Therefore the rectangular area marked with red color can be representative to other areas with the same conditions in the ITS. For simplicity, this study is initially focused on the effect of thin layer ring on ice formation in the fixed rectangular area. The global impact has not been considered in this research in order to emphasize on such rectangular area and evaluate the impact of thin layer ring on ice formation. On the right side of Fig.1 , it shows the position of investigated rectangular area in ice thermal storage tank if compared with the left two. Two cylinders are shown in the right zoom area, but the rectangular area with four cylinders was taken into account for this study. 
Numerical method and parameter definitions
In Fig. 3 , it shows the investigated area with dimensions. The diameter of the cylinder was set as d (d=0.0254m), and the rectangular space heights (L) were taken as 7d and 10d. The longitudinal and transverse spacing were both 2d for this study. More detailed parameters of geometry are presented in Table 1 .
The condition of transient natural convection was taken into the consideration of all numerical studies in the water with the cooled cylinder. The FLUENT program with a finite volume method was used to solve ice formation in fixed rectangular space as one and four cylinder geometries. An enthalpy formulation based approach was chosen within FLUENT in order to study the transport phenomena during solidification. The governing equations involved in numerical modelling are listed below.
Continuity equation:
Momentum equation:
Where t is time;
 is density; P is pressure; V is velocity vector; u and v are velocity components in x and y directions; µ is dynamic viscosity; β is liquid volume fraction; L is latent heat. For the mushy zone during phase changing, Darcy's law and the Kozeny-Carman equation were taken into consideration.
Kozeny-Carman equation:
Sensible enthalpy-temperature relation, 
Boundary conditions
In the study, water in the investigated space was considered as Newtonian [33] , incompressible, and laminar flow on account of simplicity.
Boundary Conditions: Since the investigated rectangular space is horizontally symmetrical to the neighbouring space and in order to see the effect of thin layer ring with four cylinders, heat transfer in the vertical direction through the top and bottom walls was not taken into account. The global natural convection from the outside of investigated rectangular area in the vertical direction is neglected. During the solidification of water, water in the tank is nearly static. The following assumptions are made for the boundary conditions: (1) Initial conditions: Since the refrigerant temperature inside cylinder is much colder than the temperature of water in the investigated space, the following assumptions were made for the initial conditions: (1) Water is at rest at t = 0; (2) h = h i = C l T i at t = 0; (3) t c = 263.15K (temperature on the cylinder surface); (4) t w = 277.15K (temperature of water). 
Solution method and model validation
A quadrilateral grid was adopted for the simulation, and a refined grid distribution was applied near cylinder surfaces for the accuracy of the numerical solution. The refined grid is shown in Fig. 3 . Therefore, the region around the location where the cylinder was placed had a higher resolution, which can increase the accuracy of simulation around the cylinder surfaces.
SIMPLEC algorithm was used to solve the equations presented in the previous section, while the governing equations for momentum and energy were discretized with the finite volume formulation using the QUICK scheme. The gradient was based on Green-Gauss. Considering the control of the convergence of solution, the under-relaxation factors were set as 0.3 and 0.7, respectively. The residuals of continuity, momentum, and energy equations were set to be less than 1×10 -4 , 1×10 -3 and 1×10 -8 , respectively. Based on the solution method described above, the iteration continued until the computation converged and became stable.
In the grid independence validation, the parameters of investigated rectangular area and numerical model were fixed, so the only variable is grid number. Since it is a 2-D analysis with simple geometry containing static water, the validation of the solution of the grid number was addressed to test four different grid numbers in 3,923, 15,668, 24,520 and 35,425, respectively. In the validation, the parameters of rectangular area and numerical model were fixed. The ratio of Ai/Ac at 900 seconds along the solidification process with different grid number is shown in Fig. 4 . It can be seen that the ratio of Ai/Ac does not vary greatly and nearly remains a constant value (difference less than 5%) when the grid number is higher than 24,520. To ensure the accuracy of the computational solution, the grid number was created as large as 24,520 due to the approaching similarity of the numerical values.
Validation of this numerical method has been conducted [29] . The results shows that the numerical data matches well with the experimental data in entire time range. From the promising validation results, the numerical method adopted in this study is valid and can be used for ice formation with complicated scenarios. [14] Using the thin layer ring in the ice storage tank has been proved effective from the previous computational results [12] , since the time of the ice formation can be shortened and the area ratio can be increased. In other words, the overall efficiency of ice thermal storage system can be improved. However, there is a large arrangement space as well as different placement strategies which need to be investigated for the utilization of a thin layer ring for the improvement of an ice thermal storage system. This is to say, many unknown parameters and different arrangements should be explored and determined on their variations in details. For this reason, material, thickness, and different placements were investigated initially for the thin layer ring structure. The baseline shown in Table 3 with three constant parameters was used to compare with different cases using different parameters and values. The parameters with different values in the following studies are shown in Table 4 . 
Factorial effect analysis
Effect of material
Heat transfer materials in industrial application are usually aluminium, copper, and stainless steel. Moreover, magnesium alloy has recently been applied to high-tech field as heat transfer material with light weight and better metal performance. In general, stainless steel has the lowest thermal conductivity among these four, while aluminium is slightly higher than magnesium alloy. Copper has the best heat transfer performance among the four materials. In this study, these four materials were chosen for the thin layer ring, while the other parameters were kept the same. To better understand the effect of these materials on ice formation process in the middle along with time, the temperature at the center point of investigated domain was monitored during the studies.
In Fig. 5 , it shows the time-wise temperature change for the case without thin layer ring. It can be seen temperature drops from the initial point at 277.15 K and then reaches the lower limit of the phase transition point which is latent heat transfer starting point 1. After point 1, temperature during phase change remains constant. At point 2, that is latent heat transfer ending point, the energy required to accomplish the phase change has transferred completely. Then the temperature continues to drop to the point 3 which is refrigerant temperature at 263.15K. Therefore, for the material study, the temperature at the center of the rectangular domain took nearly 500 seconds to reach the lower limit of the phase transition temperature (freezing point) for the copper case, 800 seconds for the aluminium case, 800 seconds for magnesium alloy case, 1600 seconds for the stainless steel case and 2000 seconds for the case without the ring. The time-wise results of material are concluded in Table 5 . The points in Table 5 . can be obviously found in Fig. 5 . After that, the temperature at the center point in five different cases remained constant during the phase transition of water from liquid to solid. At the start of the phase transition, heat transfer was primarily dominated by convection within the water region and by conduction after the water turned into ice. This occurred because during ice formation, the rate at which energy was absorbed from the refrigerant cylinder balanced the rate at which energy was transferred to the adjacent phase changing material as a result of the temperature gradient in the rectangular region. The latent heat transfer time is between 500 seconds to 1500 seconds in the copper case, between 800 seconds to 2200 seconds in the aluminium case, between 800 seconds to 3800 seconds in the magnesium alloy case, between 1600 seconds to 6200 seconds in the stainless steel case, between 2000 to 7500 seconds in the no ring case. A rapid drop of the phase transition temperature occurred from 7500 seconds in the case without the ring at the start of the sensible heat transfer process and continued changing until the temperature was close to the refrigerant temperature of 263.15K at 130000 seconds. A similar process also occurred from 6200 seconds to 9000 seconds in the stainless steel case, from 2200 to 4500 seconds in the aluminium case, from 3800 seconds to 7500 seconds in the magnesium alloy case, from 1500 seconds to 2800 seconds in the copper case. 
Effect of thickness
Typically, with the increase in thickness, the thermal resistance will also increase, while the heat transfer rate will decrease due to the thermal conduction distance. In this study, the thicknesses of thin layer ring are evaluated at 0.25mm, 0.5 mm, 1 mm and 2 mm, 3 mm, while the other parameters are kept the same as the base line.
The conclusion of thickness study in Table 6 shows the temperature at the center point took nearly 800 seconds to reach the lower limit of the phase transition temperature for the five cases with thin layer ring. However, it took 2000 seconds for the case without the ring. The points in Table 6 . can be obviously found in Fig. 5 . After that, the temperature at the center point in 6 different cases remains constant during the phase transition of water from liquid to solid. At the start of the phase transition, heat transfer was primarily by convection within the water region and by conduction after water turns into ice. This is because during ice formation, the rate at which energy was absorbed from the refrigerant cylinder balanced the rate at which energy was transferred to the adjacent phase changing material, as a result of the temperature gradient in the rectangular region. The latent heat transfer time is between 800 seconds to 5200 seconds in the 0.25mm aluminium case, between 800 seconds to 4100 seconds in the 0.5 mm case, between 800 seconds to 2200 seconds in the 1mm case, between 800 seconds to 2400 seconds in 2 mm case, between 800 seconds to 1900 seconds in the 3 mm case and between 2000 to 7500 seconds in the none wing case. An interesting phenomenon was observed, the thinnest case with 0.25 mm ring took longer than other four thicknesses from 800 seconds to 5200 seconds during the latent heat transfer process, since the ring is too thin to absorb heat from the water and to transfer the heat to refrigerant cylinder through conduction. A rapid drop of the phase transition temperature occurred from 7500 seconds in the case without the ring at the start of the sensible heat transfer process and continued changing until the temperature was close to the refrigerant temperature of 263.15K at 130000 seconds. This similar process also occurred from 5200 seconds to 6300 seconds in the 0.25 mm case, from 4100 seconds to 6500 seconds in the 0.5 mm case, from 2200 seconds to 4500 seconds in the 1 mm case, from 2400 seconds to 3500 seconds in the 2 mm case, from 1900 to 3000 seconds in the 3 mm case. 
Effect of arrangement
Changing in the arrangement of thin layer ring will result in variation of heat transfer area, which would change heat transfer rate. Therefore, three different arrangements are analysed in this study to investigate the effect of arrangement shown in Fig. 6 : staggered, 1 parallel, and 2 parallel scenarios, while the other parameters, such as material and thickness are kept the same as the base line. For the staggered arrangement, the thin layer ring is deployed across the center area. For the 1 and 2 parallel arrangement, the thin layer ring is attached to two neighbouring cooled cylinders.
After running simulations, it can be depicted that the temperature at the center point, shown in Table 7 took nearly 800 seconds to reach the lower limit of the phase transition temperature for the staggered case, the 1 parallel case, and the 2 parallel case. However, it took 2000 seconds for the case without the ring. The points in Table 7 . can be obviously found in Fig. 5 . After that, the temperature at the center point in 4 different cases remains constant during the phase transition of water from liquid to solid. The latent heat transfer region is between 800 seconds to 2200 seconds in the staggered case, between 800 seconds to 5500 seconds in 1 parallel case, between 800 seconds to 5000 seconds in 2 parallel case and between 2000 to 7500 seconds in the none wing case. The result of this process is well predicted, since 2 parallel case has increased heat transfer area. The latent heat transfer rate is greater than 1 parallel case. A rapid drop of the phase transition temperature occurred from 7500 seconds in the case without the ring at the start of the sensible heat transfer process and continued changing until temperature is close to the refrigerant temperature of 263.15K at 130000 seconds. This similar process also occurred from 2200 to 4500 seconds in the staggered case, from 5500 seconds to 9000 seconds in the 1 parallel case, from 5000 seconds to 8000 seconds in the 2 parallel case. 
Parametric study by Taguchi Method
In the previous section, thin layer ring has been numerically investigated on its material, thickness and arrangement systematically. From the results, it shows increasing thermal conductivity and area of thin layer ring can shorten ice formation period, while ice formation period is also dependent on the thickness of thin layer ring. There is an optimal thickness for thin layer ring. However, for this new structure, these three parameters need to be further numerically investigated with the statistic method to predict the optimal condition of each parameter to enhance the performance of thin layer ring in the real world, since experiments on its performance without comprehensive numerical investigation will be very time consuming and will inevitably increase the cost of study [34] . Here the Taguchi method is adopted to numerically evaluate the performance of thin layer ring for thermal enhancement in ITS system statistically and comprehensively.
The Taguchi method is a methodology for the application of designed experiments. It is developed by Dr. Taguchi, the "father of robust design". His method can make experiment simpler by using fewer experimental designs and providing a better understanding of the variations of system [35, 36] . The method advocates a three-stage design methodology for [36] :
1. Designing products/processes so as to be robust to environmental conditions; 2. Designing and developing products/processes so as to be robust to component variation; 3. Minimizing variation around a target value;
Many optimal robust designs of a product or process have been investigated with Taguchi method [37] and [38] . His optimization method can be characterized as a threestep approach, which includes system design, parameter design, and tolerance design.
In system design, it contains product design and relative process design. As discussed in product design, it includes the selection of materials, components, tentative product parameter values, etc. In parameter design, it is used to optimize the characters of the product parameter values.
The optimal product parameter values obtained from the parameter design are not sensitive to the variation of environmental conditions and other noise factors. Therefore the parameter design is the most important step among three steps of the Taguchi method. In fact, Fisher [39] developed the classical parameter design that is complex and cannot be easily used. When the number of product parameters increases, a large number of experiments should have to be carried out. However, the Taguchi method contains a special design of orthogonal arrays to analyse the entire parameter space with a small number of experiments.
Usually, the parameter design of Taguchi method to find the optimal combination of product contains the following steps [40] , each step will be presented in details for the parametric study of thin layer ring later:
 Identify the performance characteristics and select product parameters to be evaluated.  Determine the number of levels for the process parameters and possible interactions between product parameters.  Select the appropriate orthogonal array an assignment of product parameters to the orthogonal array.  Conduct the experiments based on the arrangement of the orthogonal array.  Calculate the S/N ratio.  Analyse the experimental results using the S/N ratio.  Select the optimal levels of process parameters.  Verify the optimal process parameters through the confirmation experiment.
Selection of characteristics
In general, heat transfer enhancement in ITS system results in increasing the ice generated area during the same time period and shortening ice formation time. Therefore, a new parameter is defined to evaluate increased ice area for the Taguchi analysis. Usually, there are three categories of the performance characteristic in the analysis, which are the smaller-the-better, the larger-the-better and the nominalthe-better. In this study, IA factor introduced in this study stands for increased ice formation area during the same period. IA factor is also a number of larger-the-better characteristics showing the percentage of the increased ice generated area compared to the case without thin layer ring, and is defined as follows. 
Where, A TLR@SamePeriod is area generated by thin layer ring during the same period as bare case, and A bare@SamePeriod is area generated without thin layer ring during the same period as thin layer ring case.
Factor and levels
In the Taguchi analysis, the control factors and their levels are firstly defined. The significance of different parameters, such as material, thickness, arrangement investigated will be addressed. Base on the above study on the effectiveness of three parameters, the levels of each factor in this study are shown in Table 8 in order to perform the comparison study of each parameter. 
Orthogonal array
According to the numerical database analysed above, an orthogonal array of L 9 (3×3) is designed for study as shown below in Table 9 .
SN analysis
In the quality engineering and experimental design, the SN ratio (signal to noise ratio) was firstly introduced by Taguchi and has also been widely used. The SN ratio is calculated from the following equation. After the analysis of the SN ratio, the main effective factors could be determined, and the interaction of each parameter could be more clearly understood. Considering the characteristics of the subject, the larger the better scenario is taken into consideration in the study.
Taguchi Analysis
The SN ratio calculated from the nine numerical simulations is presented above in Table 10 . With the SN ratio obtained, the contribution ratio of every factor can be calculated and shown in the Table 11. In the Table 11 , the  is the difference between the maximum and minimum of the SN ratio for each factor. After adding up all the  of each factor, the total  is equal to 18.78. After that, to evaluate the influence of each factor on the percentage of increased ice area (IA), the contribution ratio is then introduced. The contribution ratio equals to the value of the  of each factor divided by the total  of all factors.
Therefore, the main effective factors could be determined. By the calculation, the contribution ratio of each factor can be obtained as follows: 57.35% for material, 9.58% for thickness, 33.07% for arrangement. It can be obviously seen in Fig. 7 . That means material has the most impact on the percentage of increased ice area when using thin layer ring structure, while other factors have relatively less influence on ice generated area. Based on these results, in the design process, material should be given more considerations. Next is the arrangement of thin layer ring. Finally, thickness is the third factor to be considered.
The above analyses on the contribution ratio are limited to evaluating the significance of these three factors only. To determine the optimal design, the SN ratio of each factor should be taken into further consideration. From the Fig. 8 , the largest SN ratio among the 3 levels stands for the best performance when using the Taguchi method for the experimental design. Fig. 8 shows the results below. For the factor A (material), level 3 (Copper) is the best. Level 2 (1mm) is the best for the factor B (thickness). For the factor C (arrangement), level 1 (staggered) is the best. However, the factor B has insignificant effect on ice generation area. From the results presented above, material, thickness, arrangement have the optimal condition when set as copper, 1mm, staggered, respectively. 
Determination of the optimal condition
After running Taguchi method, the optimal condition can be obtained by a combination of levels presenting the largest SN ratio in each control factor as shown in Table  11 . As a result, two optimal conditions are selected in this study as shown in Table 12 . However, in reality, only one optimal condition can be obtained using the present method, but the second optimal condition is also taken into consideration for the confirmation test. Therefore, one original optimal condition is determined based on the Taguchi analysis method, and the second optimal condition is selected to eliminate the error of analysis and find the best condition. These two optimal conditions are A3B2C1 and A1B1C3, respectively.
Reproducibility by confirmation test
The two test samples combined with the three factors were designed and selected to be the optimal conditions as described above for the confirmation test. These two conditions and factors are shown in Table 12 . Two methods were adopted into the confirmation test. The first method was to compare the presumed SN ratio for the optimal condition and the SN ratio of confirmation test results for the optimal samples. η pre is the presumed SN ratio calculated based on the following equation. 
In the above equation, values were selected as the largest SN ratio for each factor and taken from Table 11 .  is taken as the average value of nine S/N ratio in Table 11 . Therefore the predsumed η pre was 30.24. However, the SN ratio of the optimal Condition 1 was directly obtained from Table 10 , which is 28.9226. Since the presumed η pre is greater than that of Condition 1 and they are very close to each other, that is to say the existence of reproducibility in this condition is confirmed.
Hence, the second method is to confirm the reproducibility by comparing IA factor of Condition 1 and Condition 2. From the previous analysis, IA factor of Condition 1 is directly obtained from Table 10 , which is 27.93. The result from the simulation of Condition 2 showed IA factor of Condition 2 is 11.6. The IA factor of the optimal Condition 2 is lower than that of the optimal 0.00% Condition 1 and there is no interaction between three parameters. Therefore, it is demonstrated that the optimal Condition 1 performs better than the optimal Condition 2 and all others. That is to say it is the ultimate combination of thin layer ring's three parameters. In Fig. 9 , it shows the time-wise temperature change for the condition 1, condition 2 and the baseline. For the condition 1, the temperature drops before 2000 seconds and then reaches the lower limit of the phase transition point which is latent heat transfer starting point. However, the condition 2 takes longer than condition 1. Moreover, the baseline forms ice longest among all combinations including the condition 1 and condition 2. Fig. 10 shows the liquid fraction and temperature distribution of the analyzed domain for the condition 1 and condition at 3600 seconds. It is obvious that ice is generated more by condition 1 than condition 2 in the figure showing liquid fraction, in which 1 indicates the liquid state and 0 indicates the solid state. In the figure of temperature distribution, the area of condition 1 shows much colder than condition 2, since it has better heat transfer combination of three parameters of thin layer ring.
Conclusions
In this study, the impact of the different parameters of thin layer ring on ice formation in a rectangular space has been evaluated and investigated by the numerical method. Moreover, the optimal parameters and condition have been determined by the Taguchi method. The numerical results from this study can be used as a research guideline of the novel structure of thin layer ring applied in ice thermal storage tank for other researchers in their experiments. The main results of this study are concluded as follows:
1
The comparative study of different parameters, such as material, thickness and arrangement have been conducted. From the results, it is shown that ice formation period can be shortened with the increase of conductivity and area of thin layer ring, while it is also dependent on thickness.
2 The factorial impact of the different parameters of thin layer ring during ice formation using numerical methods has been evaluated. The results show that material has the greatest impact on ice increased area. After that, arrangement has relatively less influence on ice increased area. However, thickness has the trifling effect on ice increased area.
